JT12 Rec'd plrft^t?2^8^J^N^« 

^ „ wiTFR a A gjn MOLD RASE AGBgJOR 

[00011 T1«pr^mv.ation,date,«.moldreteea6enB. Mo« particul^ly. it 

a«nn-p«™-.twMcr-ba..d™,ldre.=a,. agen, for ^•'"^^ 
[0002] Moldi^isawcnmowntechmque for poducingfin.hed parts n«dc from 

^™.««me. MoM«.^M«^n.ai«i«gcon>po.i«pa«aarepa,«a.ar,yp,.va.eo. 
^.^aerospacind-^y. Fo.«^.e,™.y3ipl-k-Mi.e.6.-la.eand»»gs)a„ 
„^c.eair„ma»^Weof.»Wedoo^i.epam4at«^c,-.lyl-*^ 

together using an adhesive. 

[00031 Typically,Uye.offib«r-maa»^iWta«l»«.m?«8»a«d™fta 
„,„idepoxy,e»co„^e(»^a.pr^SpU=s)areUiddown.oco»*>nn.^ 

Id *™o>d.««h«.cd»»teva«d«n,«a««(.g. lOO-aOO'C)^^ 

,««co,^i.eandpro,ide.h.M»icdp«t Mcr«.n»ldhaacool«l.d..fin«bod 
^,dedcompos,.= pan.r.™vedand.h»o»Mn.yb.„sedagai..B„rd.«p.«.a..h» 

l,ed,.Idp3n.o.sUc.ago.a.^..-.d»^a^««^^ 
„Ued«>,he™,ds«,fa«pdo.«app,yiogtheprepr.gpU=s»tb«-.dT1>»^^^ 
rn^™tad.art ,..tapom.forn».dcdco„,o..epart.«^-b.d«^*^ 

.sing nUn^ force because, especially for ,he aerospace i.6.s«y, fte parts often are 
^large «ad deUcale. Tbis .nea. the ™ld release agea. n^s. provide superror release 

characteristics. . 

[00041 In obtain applicatio.-. particularly ^»hea «>Wi"g very large parts sucha^ 
^..ewings.,he,>»ldsarepr.pp«iatro<-,or^.ent.en,era.ure,»adthe„ta^^ 
Xtarg.ove..tocure.heli,uidresintoft,nnthef,nished„»ldedpart.C^nse,u.n«y.*^ 
Jds««n«.ves,^1> are,uitetage.a«no.e,uipped»i.l>any heating e,u,pmen..Th^ 
^„^*en».drel.aseage.tapplied.o.hcn»ldsnr6cea.roon,te„,e,a.ure™rsta.o 

curable a.roomten^toarel.tivelysbortperiodoftin«,^chasaew hours 
Od,erwise.ifonehad.opla«.ten,>ldin.hel^.o«ns«>«ethen»ldrele^ agent 

,™ch«n,e.e,fortandp.*^«ouldt«lost. 0"«'»->;-'»'^-'^f ' 
room ten^erature. it rnust still withstand the high ten-peratures (e.g. up to 300 - 400 C) 
necessary to subsequently cure aiui form the molded parts. 
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[0005] Fiber reinforced polyester (FRP) parts are generaUy molded at around ambient 
temperature (10-70°C). Most of FRP parts require a high gloss finish. This has been achieved 
by using the conventional and well known Frekote™ brand (available from Henkel Loctite) 
solvent-based semi-permanent mold release agents. However, certain FRP releases require 
their parts to have a matte finish or to have no transfer of mold release agent to the molded 
parts, such as "sanding gelcoat". Conventional water based mold release agent such silicones 
and waxes are useful to release FRP parts but result in detrimental transfer of the mold 
release agent to the molded parts. Commonly used solvent based semi-permanent mold 
release agents are popular in the market place but do not provide a matte finish on the 
released parts. Solvent based release agents also contain hazardous VOCs. 

[0006] There are two basic types of mold release agent, sacrificial and semi- 
permanent. A sacrificial mold release agent is one that is consumed or otherwise coii?)letely 
depleted after a single molded part is made in the mold. Known sacrificial mold release 
agents include natural and synthetic confounds such as silicone oils, mineral oils, waxes, 
fatty acid derivatives, glycols, etc. Sacrificial mold release agents must be constantly 
reappUed to the mold surface prior to making each molded part. For this reason, sacrificial 
mold release agents are costly and cumbersome to use. Also, molded composite parts are 
usually post bonded (adhered to other composite parts using an adhesive). Transfers of 
sacrificial release material will affect the bonding ability of the adhesive. Hence, sacrificial 
mold release agents are not suitable for molding many composite parts, particularly for 
aerospace apphcations. 

[0007] Semi-permanent mold release agents are ^o qjpUed to the mold surface. 
They can be of the wipe-on or spray-on type. These release agents are preferred because th^y 
are not completely depleted following a single molding operation. A single semi-permanent 
mold release agent appHcation can be used to faciUtate the release of multiple successive 
conposite molded parts without reappHcation of the release agent; e.g. up to 2, 3, 4, 5, 6, 7, 8, 
9, or 10, or more releases from a single mold release agent appUcation. U.S. Patent No. 
5.601,641 (incorporated herein by reference) describes one type of semi-permanent mold 
release agent that has 0.1 to 12%silane, Oto 16% methyl terminated polydimethylsiloxane 
emulsified polyiner, 0 to 10% non-ionic surfactant, 0 to 8% fiuorinated alkyl ester surfactant, 
0 to 2.5% ethoxylated amine surfactant, 0 to 12.5% silanol terminated polydimethylsiloxane 
having a weight average molecular weight of 400 to 310,000, 0.1 to 8% lower alkyl alcohol 
wherein the alkyl has 1-3 carbon atoms, 0 to 2% fungicide, 0 to 20% metallic salt of an 
organic acid, 0.5 to 2% weak acid to maintain the pH between 4.5-5.5, 0. 1 to 1 5% hydroxyl 
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«™inat«ipolytatadiene,and40tD97%«a«r. U.S. Patents No. 5.298.556 5.219,925 
are inthe same pa(«t ftaU, a, U» -641 patent mentioned above, and are also incorporated 
herein by reference. 

[0008] U.S. Patent No. 6,322.850, incorporated herein by reference, describes a 
similar semi-pemment mold release agent, wherein the silane component is present in a 
concentration of 0.5 to 12 percent by weight and is selected fromthe foUowing group of 7 
specific silanes and mixtures thereof, dimethyldiethoxysaane, methyldiethoxysilane, 
dimethyldimethoxysilane, diphenyldimethoxysilane,trimethyhnethoxysilane, 
trimethylethoxysilane, and aminopropyltriethoxysilane. The composition also mcludes a 
multi-fimctional polydimethyl siloxane emulsified polymer and a compatible surfactant, 
together with about 0. 1 to 30% by weight of ethanol, remainder water. 

[0009] The mold release agents described in the above patents are apphed and cured 
at high temperature (e.g. mold temperature of 350°F). When these release agents are appUed 
at room temperature, they not only provide poor release due to insufficient cure at room 
temperature, but they can also resuk in detrimental transfer of the mold release agent to 
finished composite parts. Also, the above-described release agents do not provide umform 
nK>ld surfece coverage when applied to the mold surface at ambient temperature (e.g. 25X). 

[0010] U.S. Patent No. 5.399.310, incorporated herein by reference, descnbes 
another mold release agent con^rising an oligomeric salt agent and a diluent, where the 
oUgomeric salt agent Is a Uthium. sodium, or potassium salt, or mixture thereof, of an 
oUgomer of monomeric units or mixture of the said oUgomers. wherein the monomenc umts 
are selected fromthe group consisting of Cu to carboxylic fatty adds, llns moldrelease 
agent is not beneficially used to release molded, composite parts due to interactions between 
the fatty acid monomeric units and the composite material Also, this release agent results m 
significant detrimental transfer to the finished molded parts which interferes with or inhibits 
effectivepostbonding. Also, this mold release agent is not suitable for high temperature 
xnolding (such as composite molding) because the fatty acid monomeric units will hquefy or 

decompose at or above about 1 80°C. 

[001 1] It is highly preferred that mold release agents used for molding composite 
parts are room temperature curable, especially in aerospace appHcations, because the molds 
arepreparedatroomtemperatureasexplainedabove. After the mold has been prepared 
(mcluding provision of the mold release agent and the prepreg resin conposite), the mold is 
heated to elevated temperature, often in a separate oven, typically above 180X, to cure the 
resin and form the finished composite part. 
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[0012] Up tiU now, room temperature curing semi-permanent mold release agents 
with high thermal stability have been solvent based; meaning they contain significant 
a„K>unts of volatile organic compounds (VOCs). and have relatively low flashpoints and 
high vapor pressures. Exarr,>les include the Frekote™ mentioned above and other existmg or 
conventional solvent-based mold release agents. Tbese existing solvent based mold release 
agents present significant health and safety hazards, both in use and transport 

[0013] Accordingly,thereisaneedintheartforanon-solventbased,thermany 
stable semi-permanent moldrelease agent that provides effective moldreleaseofmult^^^ 
successive molded composite parts foUowingasingle initial appUcationtothemolds^^^^^ 

Preferably, such a mold release agent also will result in no or substantially no detnmental 
transfer of the mold release agent to the surfece of the finished composite part, meamng that 
themoldrelease agent will not resuh in any(orsignificant)residue on the surfeceofthe 

composite part that will detrimentally affect adhesive bonding to that surface. 

RT TMM ARY OF THF INVENTION 
[0014] A mold release agent is provided. TTie mold release agent comprises a 
functionalsiloxane,acrosslinker,athickeningagent,abase.^^ Tl.e functional 

siloxane is- dispearsed in water. 

[0015] Another moldrelease agent is provided that comprises a functional siloxane, a 
crosslinker, a thickening agent, a base, a surfactant, and water. Tko functional siloxane ts 
dispersed in water, andthe moldrelease agent has a shelf life greater than five months at 

about 25°C. ^ • , 

[0016] Another mold release agent is also provided that comprises a functional 
siloxane;"a crosslinker, a thickening agent, abase, a surfactant, and water. THe fimctional 
siloxane is dispersed in water, and the mold release agent has an initial viscosity of 10-10,000 

^^017] A method of preparing a water based mold release agent for molded composite 
parts is also provided. Tbe method includes the steps of a) providing a Part 1 composition 
that has 0.01-10 weight percent functional siloxane, 0.1-10 weight percent crosshnker, 0.01- 
10 weight percent surfactant and water; b) providing a Part 2 composition that has 1-25 
weight percent catalyst and 20-80 weight percent thickening agent; c) providing a Part 3 . 
composition thathas abase; andd) blending the Part 1, Part 2, and Part 3 compositions 
togethertoi>rovidethemoldreleaseagent THe base is effective to adjust the pH of the mold 
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release agent to 7-11 to thereby activate the thickening agent to provide the moldrelease 
agent with an initial viscosity of 10-10,000 cP at 25°C. 

[0018] A method of molding a composite part is also provided which includes the 
foUowing steps: a) providingamoldsurfece;b)providingamoldrelease agent that inclu^^ 

afunctional siloxane. acrosslinker. athickening agent, a surfectant, a base, and water, 

^.herein the fimctional siloxane is dispersed in water, c) applying a coating of the mold 
release agent viawiping or spraying tothemoldsurfece; and d)aUowing the coating to d^ 

for a period of time. 

[0019] A water based mold release agent is also provided that is made by a method 
including the following steps. a)providingaPartrcompositionthathas0.01-10weight 

percent fimctional siloxane,0.1-10weight percent crosslinker,0.01-10weightperce^^ 
surfectant,andwater.b)providingaPart2compositionthathasl-25weightpercentc^^^^^^ 

and 20-80 weight percent thickening agent; c) providing a Part 3 composition that has a base; 
and d) blending the Part 1, Part 2, and Part 3 conpositions together to provide the mold 
release agent. The base is effective to adjust the pH of the mold release agent to 7-1 1 to 
thereby activate the thickening agent to provide the mold release agent with an imtxal 
viscosity of 10-10,000 cP at 25^. 

pp>r AH T^n nFi=;CR PTTnxr of twP. PRPFPPFPD RMBODIMF.NTS OF THE 

TNVENTION 

[0020] As used herein, when a range is given such as 5-25, that means preferably at 
leasts andseparatelyandindependently.preferablynotmorethan25. As used herein, the 
term solvent refersto organic solvents. Also as used herein, the terms fimctional siloxane 
and fimctionalized siloxane are used synonymously to refer to a siloxane that has been 
fianctionalized by appropriate substitution or addition of a fimctional group to at least one Si 
atom of the siloxane chain, which fimctional group is capable of or effective to fecihtate 
crosslinking the sUoxane chain in a crossUnking reaction as known in the art. Unless 
otherwise explicitly indicated, all percents are weight percents. 

[0021] A room temperature curable water based mold release agent for molded 
composites is provided. The composition of the invented mold release agent is best 
understoodfromadescriptionofthepreferredmethodofpreparingit. THe invented mold 
release agent is prepared by blending three conq^onent Parts which are preferably prep^ed 
separately ^ Table 1 below discloses the preferred compositions of the three Parts which are 
subsequently blendedto provide the invented mold release agent. InTablel,all values are 
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weight percents, and anweightpercents are with 

0 05-3 weight percent functional siloxane in Table 1 means 0,05-3 weight percent of the Pait 

1 con^osition. For each Part, any less preferred or more preferred concentration or range for 
any one con^onent can be combined with any less preferred or more prefeixed concentration 
or range of any of the other components; it is not required that all of the concentrations or 
ranges for all of the components come from the same column. 



Tablel: Composition of water based mold i^leaseagpnt for molding co^^^ 

Preferred UssPrefeired 



Oon;>aaent 
Pmtl 

Functional siloxane 



Crosslinker 



Surfactant 



0.05-3 
0.04-3.2 



0.2-5 
0.18-5.2 



0.01-2 
0.01-2.2 



0.04-3.5 
0.03-4 
0.034.5 

0.18-5.5 
0.16-6 
0.14-6.5 

0.008-2.4 
0.008-2.6 
0.006-2.8 



LessPrefeired 

002-5.5 
0.02-6 
0.01-10 

0.12-7 
0.1-7.5 
0.1-10 

0.006-3 
0.004-3.2 
0.002-3.5 



Slip A^t 

Water 
Part2 

Catalyst 
Transfer ccntrol reagpnt 

Wetting agpnt 

Hiickening agent 
Color dye 

Parts 



0-20 



7.5-15 
7-16 



20-30 
18-32 



10-25 
9-26 

40-60 
38-62 

0-10 



Balance- 





3-20 


6-17 


2-22 


5-18 


1-25 


4-19 




16-34 


10-40 


14-36 


8-42 


12-38 


0-45 


8-28 


5-34 


7-30 


4-36 


6-32 


0-38 


36-64 


30-70 


34-66 


25-75 


32-68 


20-80 



-lOO- 
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[0022] Parts 1-3 from Table 1 will now be described. Part 1 is ablended siloxane 
emulsion The functional siloxane is preferably silanol-fonctional, less preferably vinyl-, 
alkoxy. hydride-, or carboxy-functional. or any combination thereof. Hie functional siloxane 
may be one or.more of following structural formula: 




where Ri, R2. R3, R4, R5 and R. individually can be the same or different and may be Ca 
alkyl. vii^yl, hydride, or alkoxy, and n is about 0 to about 1 00,000; P^ and P. can be the same 
or different and can be silanol. hydride, alkyl. vinyl, carbinol or carboxy groups. Interruption 
of the polymer chain by a hetero-atom is also within the scope of the present invention. 

[0023] Preferably, the functional siloxanes used herein are bi-functional siloxanes, 
meaning that they have two functional groups attached or bonded to different (or the same) 
siUcon atom(s) in the siloxane chain. Terminally bi-fimctional sUoxanes (those having a 
functional group attached to each of the two terminal silicon atoms in the siloxane chain) are 
preferred in the invention because they are widely available; however, it is not required that 
the bi-functional siloxanes be terminally bi-functional. Multi-functional siloxanes (having 3 
or more fimctional groups bonded to Si atoms in the chain) can also be used ITie sttoxane 
used herein is preferably dimethyl siloxane, less preferably vinyl sUoxane. less preferably 

methyl siloxane, or mixtures thereof 

[0024] The remainder of the description is provided with respect to bi-silanol- 
functional siloxanes which are most preferred; however it will be understood that other 
functional siloxanes. including those described above, can be used in the present invention, 
and a person of ordinary skUl in the art will be able to adapt the following description for use 
of other fimctional siloxanes when they are used instead of silanol-functional siloxane. 

[0025] The silanol-functional siloxane is preferably a substantially straight-chain or 
linear dimethyl siloxane, preferably having a functional silanol (Si-OH) group at each of its 
terminal ends (i.e. it is terminally bi-functional). The structure of the preferred silanol- 
functional siloxane is HO(CH3).-Si.(0-Si(CH3).-0-Si(CH3)2).-0-Si(CH3)20H. Preferably, x 
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ischosensothesaoxanehasanK^lecularweightintherangeofSOO-lWO^^ 
-1 000 - 800.000, preferably 10,000 - 500,000. preferably 1 5, 000 - 300.000, preferably 18,000 
200 000 Feferably 20,000 - 100,000. In a useful embodiment ofthe invention, x is 
seleciedtl provide sUoxaneshavingamolecdar weight in therangeof4,000-100,000.I^^ 

preferably, the silanol-fiinctional siloxane can be branched. 

[0026] Also less preferably, the siloxane can be mono-functional as opposed to bi- 
functional, that is. it canhave only oneS^OH&nctionalgroup,e.g. at one terminus, wx^ 

other terminus being nonfunctional e.g. Si-^a- Mono-functional siloxanes are stron^y 
less preferred because they are not effectively crosslinked due to their having only a smgle 
functional group. TTieresultofcrosslinkingamono-fonctional siloxane 

of largely linear, discrete molecules rather than the multi-dimensional crosslinked molecular 
cage or matrix that results fromthe strongly preferred bi-functional species descnbe^ 

[0027] Thecrosslinker facilitates cross-hnking of the mold release agent on the mold 
surfece during cure to produce a semi-permanent release fihn on the mold surfece. IHe 
crosslinking agent preferably is a fimctional silane having the general formula X-SiABC, 
whereXisamethyl,alkoxy. vinyl, acetoxy,hydride or ethyl group, preferablyamethylora 

vinyl group; and A, B, and C individually can be the same or different from one another, each 
being a methoxy, ethoxy, propoxy, acetoxy, methyl, vinyl, or ethyl group, preferably an 
ethoxy group. Preferably, the crosslinker is a tetra- or a tri-fonctional crosslinking agent such 
as tetra-alkoxy or tri-alkoxy functional silane. less preferably a bi-f^^^ 

alkoxy fimctional silane. For example, a tetra-alkoxy functional silane having four ethoxy 
functional groups canbe provided fromthe general formula above by selecting etho^ 
aad ethoxy for all three ofA.B and C. Whereas a tri-alkoxy fimctional silane having three 
ethoxy functional groups and one methylnon-fimctional group canbeprovidedby selecting 

methyl for X and ethoxy for all three of A, B and C. Combinations of tetra-. tn- and bi- 
functional silanes are also preferred. In general, the size and electronegativity ofthe 
fimctional groups determine the curing speed ofthe mold release agent. A methoxy 
fimctional group is preferred for A.Band/orCfor faster hydrolysis speed. However.ethoxy 

is generally preferred for two reasons. First, the byproduct of the crosslinking reaction is 
ethanolwhenthefimctionalgroupisethoxy.whereasmethanolresultswhenthefu^^^^^^ 

group is methoxy. Ethanol can be disposed of cheaply and easily, while methanol is highly 
toxic and heavily regulated making its disposal significantly more costly Second, the ethoxy 
hydrolysis and condensation reactions proceed at a more favorable rate than the 
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c«.«Tmdi.« mrt»xy hydrolysis and condensation reactions once fte mold release agen, is 

applied to the mold surface. 

[0028] Less preferably, longer-chain alkyl groups can be used for X and/or A, B and 
C which willslowthecrossliiddngreactioa Less preferably, the crosslinker can be or 
include MQ resins, silicates, and/or akoxy-, hydro-, and vinyl-silanes, or nuxtures thereof It 
is to be noted that the relative concentrations of crosslinker and functional siloxane m Part 1 
must be carefoUy controlled so as not to provide substantial excess of one or the other, too 
much functional siloxane. andthe uncrosshnked excess can be detrimentally transferred to 
the molded composite part surfece and interfere with adhesive bonding (described.below). 
Too much crosslinker may result in difficult release of molded composite parts from the mold 
surface It is generally preferred to provideabalancedexcess(suchas>0.1«/oexc^s)ofthe 

crosshnker to ensure sufficient crosslinking of the siloxanes in the mold release agent m order 
to prevent detrimental transfer of siloxanes to molded composite parts (descnbed below). 

[0029] Hie surfactant in Part 1 is preferably a mixture of surfactants including but 
not limited to one diphenyl sulfonate or a derivative thereof, one silicone based surfactant, 
and one ethoxylated alkylphenoL 

[0030] In Part 2, the catalyst is an organo-tin or an organo-titanium or any other 
catalyst that is effective to accelerate or promote curing ofthe mold release agent (i.e. 
crosslinking ofthe siloxane fromPart 1) at ambient temperature, preferably 5-70, preferably 
10-55 preferably 15-45, preferably 20-35, preferably 22-30, preferably about 25, °C. 
Preferably, the catalyst is an emulsion (or aqueous solution) type catalyst meaning that the 
catalyst is provided witti the catalytic solids emulsified and stable m a water carrier phase. 
Emukiontype catalysts aremore effectively blended with the other components (including 
those fromParts 1 and 3) to provide the invented mold release agent. Preferably, Hie catalyst 
includes organo-tin compounds, organo-titanium compounds, or a mixture thereof 
Emulsified organo-tin and organo-titanium based catalysts are known in the art, and are 
available, e.g., fromDow Chemical Company, E. L DuPont de Nemours. Inc., andHanse 
Chemie. 

[0031] Tlie transfer control reagent is an optional component that is added to hmit or 
minimize detrimental transfer ofthe mold release agent from the mold surface to finished 
molded composite parts. A suitable transfer contix,l reagent is an alkyl-fiinctional siloxane 
emulsion having 50o/o active ingredients (soUds). The alkyl group is preferably an aliphatic 
carbon chaii having a length of 1 to 1 8 carbon atoms, generally the larger the number of 
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^rbonatomthebetter. Preferably, an aromatic moiety such a. 2-phenylpropylta also 

attached. • ^ 

[0032) The wetting agent is preferably a super wetting agent as tawa m the art, 
as a trisUo^ne based surftctant. less preferably a fluotc based surfeoaat. The wetung 
ageo. is effective to pn.n»te effecti,. wetting of amold surfece wi* the invented mold 
releaseagentwh«.appliedthereto.e.gviawiping,lessprefaabl,spr^. toon, 
embodiment ofthe invention, the surftcantcotnponent of the Part 1 composition ftom table 
, (used to ena-Uifythe crosslink) can also serve as a wetting agent. Inthis emhodime«, no 
additional or sq,arate wetting agent component ftom the sorfectant component listed » table 

1 may be required ^ . i 

[0033] mtlnckeningagentispreferablyUcar^availablefromDowChemical 

Cox^any Less preferably, other known or conventional thickening agents can be used; e.g. 
CaVo-Sil® from Cabot Corporation, Methocel™ family of thickening agents fromDow 
Chemical Company, and Class™ from The Procter & Gamble Company. The thickenmg 
agent is providedto increase the viscosity ofthe invented water based moldrelea^^ 

will be fiirther described below. 

[0034] A commonly available sUp agent can be used to achieve better release 
performance. Anyknownor conventional sUp agent canbeuse4 including but no Umrtedt^ 

functional and non-fimctional siloxanes, partially fluorinated siloxanes, and fluonnated 
hydrocarbons. Tie presence and/or amount ofsUp agent can be selected or determmed 
withinthespecifiedrangebyapersonoforctoiaryskiUintheartbasedonthedes.^ 
observedrelease performance for aparticular appUcation. 

[0035] A color indicator or dye also can be added to the invented mold release agent. 
The functionofacolor indicator istoshowthe proper coverage of the moldrelease agent on 

the mold surface when required or beneficial to visualize coverage of the mold surface. 
Generally, the selected color indicator is stable in water-based media and chemically 
compatible with other ingredients in the release agent. Tlieprefenred color indic^^^ 

selected so that no contaminating transfer of the dye to the molded part wdl occur. 

[0036] Part 3 preferably consists of a base that is effective to adjust the pH of the 
invented moldrelease agent in the rangeof7.11,preferably8-10in order to activate the 

thickening agent as further describedbelow. The base is preferably an orgamc amnie base, 

preferably ethanolamine. 

[0037] Parts 1, 2 and 3 as described above are first separately prepared, and then 
subsequentlyblendedatroomtemperature,preferablyO-40,preferablylO-35.preferablyl5- 
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30 preferably 20-27. °C, in the proportions provided below in Table 2 to provide the 
in«toi water based mold retoe agent In Table 2, aU values are weight percents, and any 
less preferred or more preferred concentration or range for any Part can be combmed with 
an, less prefertod or more prefet^l concentration or range for anyoftheoU-er Part. i. is no, 

«pW that an of the conca*ations or rang«> for all of Parts 1, 2 and 3 come fromthe same 
colunm. 



Table 2: 

Perm 
Parti 

Part 2 

Part 3 
Total 



Blending proportions of Parts 1 , 2 and 3 to provide water based inold 



releaise agent 

Preferred 

90-99.5 
0.1-8 
0.1-2 



Less Preferred 

89-99.5 
86-996 
84-99.7 

. 0.09-8.2 

008- 8.4 
007-8.6 

009- 2.2 
0.08-2.4 
007-2.6 

100 



Less Preferred 
82-99,8 
81-99.9 
80-99.9 

o.oe-9 

0.05-10 
0.02-14 

O06-2.8 . 
O05-3 
0.02-4 



[0038] As Parts 1, 2 and 3 are blended or mixed, the emulsion pH is raised using a 
commonly available water soluble base such as ethanolamine, which activates the thickener 
andraisestheviscosityofthemoldreleaseagent. The invented mold release agent 
preferably has an initial viscosity of 10-10,000, preferably 25-5,000, preferably 50-2,000, cP 
at25=C ie before any water has evaporated therefrom. Without wishing to be bound by a 
particular theory, it is beUeved that the high sohition viscosity of the invented mold release 
agent inlribits or substantially iidubxts contact between catalyst molecules, functional siloxane 
molecules and crosslinks rnolecules in the composition, wWch in turn^^^^^^ 
substantially prevents or delays crosshnking ofthe mold release agent. Tins is achieved 
through high solution viscosity because individual eddies in the composition move very 
slowly relative to one another, and hence the frequency or occurrence of collisions between 
catalyst andsiloxane molecules is minimized Tins promotes longer shelf Ufe for the 
invented water based mold release agent. Shelf life of greater than five months has been 
observed for the invented mold release agent when stored at room temperature, e.g. about 



25°C. 



11 



[0039] However, once applied to a mold surface (e.g. via wiping or spraying), the 
««=r begins to evaporate. As ^e water evaporates, catalyst and siloxane molecules in the 
eon^n are brought closer tog«h«(coalesce)*.e to the depletion ofthe carrier (water) 

votame As the n=lative proximity of siloxane and catalyst molecules increases, the 
frequency of molecular collisions and interaction increases causing a more raprd steane 
e^Oescence cascade due to cross-Iinking of siloxane molecules as wiU be understood by a 
person of ordinary skill in the art. This evaporative coalescence effect essentially activates 
.hec,osslinldngcascadeforthesiloxanen»lec»le,top,ovide.hed«Wsiloxane-molec^ 

mtrix adjacent and adhered to the mold surfece. 

[0040] Most preferably, the Parts 1, 2 and 3 from Table 1 supra are blended accordmg 
to the preferred proportions listed in Table 2 above, to pn>vide a room ten,erat«re curable, 
thermally stable, water-based mold release ag«» according to the invention, preferably 
having a final composiUon as hsted below in Table 3. 
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Table 3: Pr=fe™i compositioa of room temperaWre curable, thennally stable, water- 
based irwld release agent for de-molding composite parts 



Camponent 


Preferred 


Less 
Preferred 


Less 
Preferred 


SUanol-functional 
siloxaae 


0,04-2,99 


0.036-3.18 
0.036-3.48 
0.03-3.98 


0.018-4.5 
0,018-5.5 
0.009-10 


Alkoxy-functional 
cxosslinker 


0.18-4.98 


0.16-5.17 

0.14-6 
0.13-6.47 


0.1-7 
0.1-7.5 
0.09-10 


Sur&ctaat 


0.009-2 


0.01-2.19 
0.008-2.4 
0.007-2.6 


0.005-3 
0.003-3.2 
0.0018-3.5 


Catalyst 


0.007-1.2 


0.007-1.3 
0.006-1.36 
0.005-1.44 


0.003-1.6 
0.002-1.8 
0.001-2 


Alkyl fimctioiial 
siloxane enmlsion 


0.02-2.4 


0.018-2.56 
0.016-2.7 
0.014-2.9 


0.01-3.2 
0.008-3.36 
0-3.6 


Wetting agmt 


0,01-2 


0.009-2.1 
0.008-2.24 
0.007-2.4 


0.005-2.7 
0.004-2.9 
0.003-3.1 


Thickesung ageat 0.04-4.8 


0,04-4.96 
0.036-5.1 
0.034-5.3 


0.03-5.6 
0.02-6 
0.02-6.4 


Base 


0.1-2 


0.09-2.2 
0.08-2.4 
0.07-2.6 


0.06-2.8 
0.05-3 
0.04-4 


Slip Ageat 


0-20 






Color dye 
Water 


0-10 


-Balance--^ 



,0041] in practice, the inverted mold release agent is pref«*ly wU«ito atnoU 
^.ace ™ wiping or sprang as known or convenUona, in the art. For initial application 
tt. surface is preferably cleaned or polished thorou^ly. and dried va c»v^nal 

techniques. Then, a coating of the invented mold release agent is applied P^^"^™ 
wipingor spraying. Tl.ecoatn«isaUowedto*yforaperiodoftime,preferab^ab^ut 5 

IL. and ^ additional coating appHed Uis proce^re is repeated an... preferably a 
Z:.,^ere,ably3.prcferably4.coatsbav.beenappUed.thasbeenfoundd,atthewa.er 

substantially conpletelyevaporatesfromthen^ldsurftceunderambienttemperature 
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conditions (22-27, preferably about 25**C) within 10-30 minutes without the addition of a 
volatilizer such as alcohol. When used for releasing molded epoxy based resin parts, 
sufficient curing (i.e. siloxane crosshnking) of the release agent necessary to ensure adequate 
epoxy resin part release is achieved in less than 5, preferably less than 4, preferably less than 
3, hours at ambient tenperature (22-27, preferably about 25°C) following application of the 
final coat. When used for polyester based resin parts, the required cure time for the release 
agent is significantly decreased to less than 1 hour, preferably less than 40 minutes, 
preferably less than 30 minutes at ambient tenperature (22-27*'C). 

[0042] The invented mold release agent has no flash point and is not flammable or 
combustible. The mold release agent is devoid or substantially devoid of VOCs, preferably 
containing less than 5, 4, 3, or 2, grams of VOCs per liter of the mold release agent. 
Therefore, the invented water based mold release agent does not present any significant 
health or safety hazards either in use or in transport. For example, the invented water based 
mold release agent preferably can be shipped via standard carriers or even by mail without 
the necessity of arranging special shipping due to the presence of dangerous VOCs or other 
dangerous properties, such as toxicity, high flammability, and low flash point which are 
characteristic of solvent based mold release agents. 

[0043] The invented mold release agent provides effective release of multiple 
successive conqsosite molded parts following a single initial application of the mold release 
agent. Depending on prevailing conditions, it may be desirable to apply a touch-up coat of 
the mold release agent following a certain number of molding operations; e.g. after 1, 2, 3, 4, 
5, 6, 7, 8, 9, or more, consecutive releases. 

[0044] The invented water based mold release agent has also been shown to result in 
no or substantially no detrimental transfer of the mold release agent to the surface of 
composite molded parts. Detrimental transfer is defined herein to mean any transfer of the 
mold release agent or mold release agent components that causes a detrimental effect on 
subsequent adhesive bonding (post bonding) of the concposite part to another con:q)osite part 
or other surface. 

EXAMPLE 

[0045] A test was performed to measure the degree of detrimental transfer of mold 
release agent to composite surfaces molded and released using the invented mold release 
agent. Five sheets of prepreg fiber-mats or plies were laid and molded on a mold surface 
that had been previously coated with the invented mold release agent at room temperature as 
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described above. The resulting molded con5)osite was then adhered to the surface of another 
con^^osite part using Hysol EA 9695 adhesive as known in the art. The bond thickness was 5 
mils. The bond strength was measured using an Instron machine. Bond tensile strength and 
failure mode were each noted and recorded and are provided below in Table 4. 



Table 4: Experimental post-bond adhesive failure mode data for adhered 

con5)osite parts demolded using the mold release agent accordmg to 
the invention 



Period of storage of mold release 
agent (days) 


Tensile bond strength (psQ 


Failure mode 


0* 


1275 


Cohesive 


9 


1331 


Cohesive 


36 


1398 


Cohesive 


45 


1605 


Cohesive 


54 


1070 


Cohesive 


63 


1606 


Cohesive 


72 


1574 


Cohesive 


99 


1063 


Cohesive 


130 • 


1551 


Cohesive 


150 


1135 


Cohesive 



* ZercMlay storage test was a control, where the surfaces of both adhered parts were light sanded to eliminate any possibility of detnmental transfer of the mdd 
release agent 



[0046] From Table 4, the invented mold release agent resulted in adhesive bond 
tensile strength comparable to that of the control, and the conq^osite exhibited cohesive 
failure for mold release agent having a shelf life from 9-150 days. Cohesive failure (as 
opposed to adhesive failure) means that the composite part itself broke or snapped; i.e. the 
adhesive bond remained intact in all tests. This test demonstrated that the mold release agent 
(even after 150 days of shelf life) did not result in any measurable detrimental transfer of the 
invented mold release agent to molded composite surfaces. This was a highly surprising 
result. In addition, all conq)osite parts tested in Table 4 exhibited high quality mold release 
with no damage or blemishing to either the mold surface or the composite part for all periods 
of shelf life storage of the mold release agent. 

[0047] The water based mold release agent according to the invention has been 
shown to provide excellent mold release for both Prepreg and Synskin molded conposite 
parts at ambient temperatures following room temperature curing of the mold release agent 
with no extrinsic curing accelerants (such as co-solvent, UV or heat) being used. The water 



15 



ba^ed moldrcl^sc ag«« according u> 4e invention ha. al.0 shovm to provide exceUent mold 
release to all types of pol,«*er resin conposite parts (gelcoa.. non-gelcoat) at aotaent 
,e™ra«« following ancient te„^ curing of .he mold release agent without any 
curing accelerant (heat. co«lven,.UV)b«ng used, The invented n^ldreleaseagen^ 
hasd«nonstta.edgoodrdeaseperfbnmncefi.oteconnnonlyn«.Uedpolym.r..«.er,ala, 

s»=haspol,ethylene.pol«»pylene,polycrf»>«ate.ho.n»lt, andrubber. 

[0048] The inventedmold release agent is room tempHalute curable (e.g. a. 22-27, 
preferably about 25»Q. is thermaUystableup to a. least 2CK.X. preferably at least 250X^^ 

preferably at least 300"C. for a period of a. least 3. preferably 5. preferably 7. preteably 10. 
20 30 45or60 days. The mold release agent also ftcilitatcs effective release of mulUple 
sulcessiven»ldedcompositep«sfollo™gasingleinitialappUcaaon.othemolds»Ace^ 

The invented mold release agent also results in no or substantially no detdmen^d transfer of 
thenoldreleaseagenttothesurfeceoffinishedmoldedcomposteparts. . 

[0049] From the above, it «m be clear that the mold release agent accordmg to the 
invention is curable at room temperature, ye. contains no VOCs or any organic earners and 
can be used to demon composite pam (such as epoxy and polyester res,n parts) that are 
^ at any commonly used molding t^npetntures, for example a. considerably elevated 
,e™^,„p«,200or300orev«.400,depeesC.Hov,ever,itshouldbenotedthat.he 

inventrfmoldrelease agent also cantacureda, high temperatures if desired, and also can be 
„scd.odemoldroomtempera««orlowtempera.»recuredmoldedpa,,ss»chasg 
parts which are made tom polyester, polyayrene, epoxy, or a mixture of these. Other 
molded parts for which ^ invemed noldrelease ag».t can be used inch.de polyethylene, 
polypropylene, andpolycaAona«parts.-rhen»ldrefeaseagen.according«..heinvent.on. 

p^cularl, useful in appUcations where the n,>W isp.epp«latlow.»pera««s,»ch as less 
ton 100-C or SOX, and particularly a. room ten?erature (25-C), yet the molded par. (e.g. 
epoxy) is cured at high temperature, such as 180 - 280>C or higher. In «^ appUca«o.s, the 
moldreleaseagentiscurableatroomtemperaturcyetremainsthermaUystableuptod^ 

curing temp^ature of the (epoxy) molded part, so d.at effecUve mold release can he achreved 

following part cure. ^ 

[0050] If the inold release agent is cured at elevated temperatures, it stiU perforins 
weUasdescnWherein.theprincipaldifferencebeingthatitcuresfasterthanotherw.e 

described. Conventional water based mold release agents cannot be adequately cured at 
ambient temperature within a reasonable time so as to provide consistent, effective mold 
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release of muhipl. successive nK>ld«i parts, while still ensuring no or substant^lly no 
detrimentaltransfeofthemoldreleaseagenttoreleasedmoHedparts. 

[0051] Although the above described enabodimeats of the invention constttrte the 
prefared it should be undetstood that modificatbns can be made thereto 

^out departing ftomthe scope of the invention as set forth in the appended cUnns. 
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